Objective: To investigate the independent association between three different measures of socioeconomic status and plasma ascorbic acid level. Design: Cross-sectional population based study. Setting and participants: 20 292 men and women aged 39-79 y who participated in the EPIC-Norfolk study. Results: Individuals in manual social classes, who had no educational qualifications or those who lived in the most deprived areas had significantly lower levels of plasma ascorbic acid compared to those in nonmanual social classes, with at least O-level qualifications or who lived in less deprived areas. The magnitude of effect for each measure of socioeconomic status was greater in current smokers compared to current nonsmokers. Conclusion: Education and social class were stronger predictors of differences in ascorbic acid levels, an indicator of dietary health behaviour, than a deprivation index based on the Townsend score. This suggests that education could be particularly important in influencing large socioeconomic differentials in health related behaviours and potentially, health outcomes in the UK.
Several studies have reported lower plasma ascorbic acid, a good indicator of dietary plant intake, in the socioeconomically disadvantaged (Block & Sorenson, 1987; Stallone et al, 1997; Chiplonkar et al, 2002) . High levels have been associated with lower risks of diseases especially cardiovascular diseases (Gale et al, 1995; Khaw & Woodhouse, 1995; Bates et al, 1998; Khaw et al, 2001; Kurl et al, 2002) . The differences in lifestyle that this represents may help explain the higher risk of mortality and morbidity observed in individuals of lower socioeconomic status (Bennett, 1996; Smith et al, 1996; Rosvall et al, 2000) . However, it is not clear what the specific socioeconomic factors might be that relate most strongly to particular behaviours. We explored the association between plasma ascorbic acid concentrations and three different measures of socioeconomic status: occupational social class, educational level and area deprivation level.
The cohort was recruited between 1993 and 1997 as part of the Norfolk component of the European Prospective Investigation into Cancer. Details of the recruitment, study methodology and socioeconomic variables used have been previously described (Day et al, 1999) . Socioeconomic variables were obtained from a health and lifestyle questionnaire. Area deprivation was assessed from residential postcodes using the Townsend Deprivation Index (Townsend et al, 1988) .
Concentration of plasma ascorbic acid was estimated using a fluorometric assay (Day et al, 1999) . Cigarette smoking status was derived from responses to the questions 'Have you 2 . To account for the possible effect of smoking and supplements, we stratified the mean by smoking status and supplement takers. The present analyses are based on 9379 men and 10 913 women with available data on socioeconomic data, plasma ascorbic acid levels, smoking and BMI. Women had higher average levels of plasma ascorbic acid compared to men, while current smokers had significantly lower levels of plasma ascorbic acid compared to current nonsmokers. Stratifying by supplement takers showed that for men, the association between socioeconomic status and plasma ascorbic acid level still persisted in nonsupplement takers, but the association was attenuated in those who took supplements. For women, after stratifying by supplement takers, occupational social class and educational level but not area deprivation, were significantly associated with plasma ascorbic acid concentration (Table 1) . Occupational social class, educational level and areadeprivation level independently predicted mean plasma ascorbic acid after adjusting for age, smoking status and BMI, although residential deprivation level had less of an effect than other factors (Table 2) . Individuals who were in manual social classes, with no education or those who live in the most deprived areas had significantly lower levels of plasma ascorbic acid compared to those who were nonmanual social classes, with at least O-level or who lived in less deprived areas. The magnitude of effect for each measure of socioeconomic status was greater in current smokers compared to current nonsmokers.
Several studies have reported an inverse relation between plasma ascorbic acid and cardiovascular diseases and chronic diseases (Enstrom et al, 1992; Gale et al, 1995; Khaw and Woodhouse, 1995; Bates et al, 1998; Khaw et al, 2001; Kurl et al, 2002) , suggesting that ascorbic acid concentration is a good marker of lifestyles that may be conducive to good health. We found a strong socioeconomic gradient in plasma ascorbic acid level across the study population. This was consistent in men and women and independent of cigarette smoking habit and of supplement use. In the current study, the estimated magnitude of the relationship was a difference in plasma vitamin C of about 15 mmol/l in current smokers and 8 mmol in current nonsmokers between social class I and V. Since 10 mmol/l increase in plasma ascorbic acid is associated with about a 10% lower mortality, this may be a good indicator of whatever the behavioural factors are that may explain socioeconomic variations in health, especially the particularly adverse effect of cigarette smoking habit on health in persons classified in manual social classes.
The findings of this study are consistent with others who reported lower levels of plasma ascorbic acid in socioeconomically disadvantaged individuals (Block and Sorenson, 1987; Stallone et al, 1997; Chiplonkar et al, 2002) . Plasma ascorbic acid level is largely determined by dietary intake, and the major sources, apart from supplements are fruit and vegetables. We have previously reported fruit and vegetable intake is related to socioeconomic measures (Shohaimi et al, in press ). How socioeconomic factors may influence health behaviours is a complex issue and there are many different proposed theories, psychological, social and economic (Wardle et al, 2000; Wang, 2001 ). The magnitude of the difference between current smokers and nonsmokers was substantially greater in individuals in manual social classes and of low educational status compared to individuals in nonmanual social classes with higher educational status. People of lower socio economic status who smoke have particularly low plasma vitamin C levels and may be at particularly high risk of cardiovascular and other chronic diseases.
The independent association between socioeconomic status and plasma ascorbic acid concentrations are unlikely to be due to selection biases or confounding. The cohort consists of a wide range of social class, educational status and area deprivation. The exclusion of individuals whose social class and deprivation scores were missing or not classified could cause bias only if they differed from those included in the study with respect to the relationship between socioeconomic status and plasma ascorbic acid level. The use of plasma ascorbic acid, a more objective measure than dietary intake assessment through questionnaires avoids possible recall bias. The study also accounted for the possible confounding of smoking and BMI.
This study confirms findings of previous studies on the association between socioeconomic status and plasma ascorbic acid concentration, and highlights particularly the independent effects of social class and educational status. Differences in health behaviours as indicated by plasma ascorbic acid levels may explain some of the large socioeconomic differentials in health and may help identify specific interventions to help reduce inequalities in health.
